Background. Human immunodeficiency virus (HIV)-infected individuals are at increased risk of cardiovascular disease (CVD) due in part to inflammation. Statins decrease inflammation in the general population, but their effect during HIV infection is largely unknown.
Human immunodeficiency virus (HIV)-infected patients are at increased risk of cardiovascular disease (CVD) compared with the general population [1] . This increased risk is due in part to a high prevalence of traditional risk factors [2] . However, some patients may have few or no traditional risk factors yet are still at increased risk because of independent effects of HIV infection, despite virological suppression with antiretroviral therapy (ART) [3, 4] .
There is growing evidence that heightened inflammation, immune activation, and altered coagulation play key roles in the increased CVD risk during HIV infection. For example, levels of the proinflammatory cytokines high-sensitivity C-reactive protein (hsCRP) and interleukin 6 (IL-6) predict CVD events and mortality [5] [6] [7] , as well as subclinical atherosclerosis in HIV infection [4, 8, 9] . Increased IL-6 and D-dimer levels are associated with all-cause mortality [5] .
Interventions are urgently needed to decrease HIVassociated CVD risk. Pharmacologic approaches aimed at decreasing inflammation may represent a promising strategy. In the general population, statins have been shown to possess antiinflammatory properties, thereby significantly reducing levels of plasma markers of inflammation, T-cell activation, and monocyte/macrophage infiltration in vessels [10, 11] . Several studies have shown that statins given to people with high levels of hsCRP but normal or relatively low levels of low-density lipoprotein (LDL) cholesterol reduce the risk of cardiovascular events and all-cause mortality [12] [13] [14] [15] . To date, no randomized studies have investigated changes in inflammation with statins during HIV infection, but a retrospective study showed a reduction in hsCRP, IL-6, and tumor necrosis factor α (TNF-α) levels in HIV-infected subjects with hypercholesterolemia [16] .
The purpose of this study was to prospectively investigate the effects of statins on levels of systemic and vascular inflammation and coagulation associated with CVD in HIV-infected individuals receiving ART who had few traditional risk factors for CVD but heightened inflammation and/or immune activation. We hypothesized that statins would decrease cardiovascular biomarkers in these subjects, lending credence to its use as an adjuvant therapy to attenuate HIV-related CVD risk. The primary objectives of the study were to compare differences in changes in inflammatory cytokines, cellular adhesion molecules, and coagulation markers between HIV-infected subjects treated with 24 weeks of statin therapy, compared with those who received placebo.
METHODS

Study Design and Population
The SATURN-HIV (Stopping Atherosclerosis and Treating Unhealthy Bone With Rosuvastatin in HIV) study is a randomized, double-blinded, placebo-controlled trial designed to measure the effect of rosuvastatin on the progression of subclinical CVD in subjects with heightened inflammation or T-cell activation but a normal LDL cholesterol level. The intervention consisted of rosuvastatin 10 mg daily or matching placebo, which were provided free of charge to study participants and donated by Astra Zeneca. Randomization was done by an investigational pharmacist and stratified by protease inhibitor (PI) use at entry. Here, we present the preplanned, interim analysis that assessed changes from baseline to week 24 in markers of systemic and vascular inflammation and coagulation.
Enrollment occurred between March 2011 and August 2012 and included HIV-infected adults ≥18 years old who had a fasting LDL cholesterol level of ≤130 mg/dL and either a hsCRP level of ≥2 mg/L and/or expression of CD38 and HLA-DR antigens on ≥19% of CD8 + T cells at screening, which occurred ≤30 days before enrollment. Additional inclusion criteria included a cumulative ART duration of ≥6 months; receipt of a stable, unchanged ART regimen for ≥12 weeks before entry; no plans to change the current ART, diet, or exercise regimen; an HIV-1 RNA plasma level of <1000 copies/mL; a fasting triglycerides level of ≤500 mg/dL; a Karnofsky performance score of ≥80, and 1 CVD risk factor (ie, male sex, smoking, hypertension, or family history). Main exclusion criteria included a clinically important illness or an abnormal laboratory finding within 14 days before study entry that might place the subject at risk by being exposed to statins or that might confound the interpretation of this investigation, pregnancy/lactation, known CVD, uncontrolled diabetes (ie, a hemoglobin A1C level of ≥8.5%), an active or chronic uncontrolled inflammatory condition or opportunistic infection, known underlying myositis/muscle disease, a change in lipid or cholesterol modification pharmacotherapy, or statin use in the 6 months before entry. The study was reviewed and approved by the Institutional Review Board of University Hospitals Case Medical Center, Cleveland, Ohio. Written informed consent was provided by all participants. The study was registered on clinicaltrials.gov (NCT01218802).
Clinical Assessments
Physical examination and weight and height measurements were obtained for all subjects by use of the same scale, and blood pressure was obtained with an automated, calibrated blood pressure machine. Extensive chart reviews were conducted, and subject-reported data were collected for relevant variables. HIV-1 RNA plasma level and CD4 + T-cell count were measured concomitantly as part of clinical care.
Laboratory Assessments
For both screening and entry visits, blood specimens were collected after a 12-hour fast. Whole blood was collected in ethylenediaminetetraacetic acid-coated tubes and underwent processing for flow cytometry in real time. An additional blood specimen was collected for plasma and serum isolation and frozen at −70°C without prior thawing until analysis. For all laboratory assessments, laboratory personnel were blinded to clinical information of patients. To determine eligibility, plasma levels of hsCRP were determined by particle-enhanced immunonephelometric assays on a BNII nephelometer (Siemens, San Diego, CA). Interassay coefficients of variance were <12%. CD8 + T-cell activation was determined by flow cytometry. Plasma levels of inflammation, cellular adhesion molecules, and coagulation markers that are associated with CVD during HIV infection and/or in the general population and/or elevated during HIV infection were selected [4] [5] [6] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , including the proinflammatory cytokines IL-6 and soluble receptors of tumor necrosis factor α (sTNFR-I and sTNFR-II), interferon γ-inducible protein 10 (IP-10), the cellular adhesion molecules soluble vascular cell adhesion molecule 1 (sVCAM-1) and soluble intercellular adhesion molecule 1 (sICAM-1), the coagulation markers D-dimer and fibrinogen, and the inflammatory enzyme lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ). IL-6, sVCAM-1, sICAM-1, IP-10, sTNFR-I, and sTNFR-II levels were determined by quantitative sandwich enzyme-linked immunosorbent assays (ELISAs) (R&D Systems, Minneapolis, MN). The D-dimer level was determined by immunoturbidimetric assay on a STA-R Coagulation Analyzer (DiagnosticaStago, Parsippany, NJ). The fibrinogen level was determined by particle-enhanced immunonephelometric assay on a BNII nephelometer (Siemens). All interassay coefficients of variance were <12%, except for very low D-dimer values (<0.20 µg/mL), for which the interassay coefficient of variance was 21%. Intraassay coefficients of variance were not calculated for all but one marker because of the small number of samples in each run; for IP-10, the interassay coefficient of variance was 3.3%. Plasma lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) concentrations were measured with an (ELISA; PLAC Test, diaDexus, South San Francisco, CA). Interassay and intraassay coefficients of variance were <5% and <9%, respectively. Calculated medians of the measurements were used in the analysis.
Statistical Analysis
All analyses were performed using intent-to-treat principles based on randomized treatment assignment and used all available data, and modifications to randomized treatment and missing values were ignored. Results of as-treated analyses did not differ from results of intent-to-treat analyses; therefore, only the former data are presented.
Variables are described by study group. Continuous measures are described by medians and interquartile ranges, and nominal variables are described with frequencies and percentages.
Nominal variables were compared using χ 2 analysis or the Fisher exact test. Continuous measures were tested for normality. For between-group comparisons (baseline and changes from baseline to 24 weeks), normally distributed variables were compared using the t test, and nonnormally distributed variables were compared using the Wilcoxon rank sum test. For within-group changes from baseline to 24 weeks, normally distributed variables were compared using the paired t test, and nonnormally distributed variables were compared using the Wilcoxon signed rank test. After the primary results were known, we conducted a posthoc exploratory analysis using multivariable linear regression to assess predictors of changes in Lp-PLA 2 level. This model was performed with both groups combined. Then, a similar model was performed in only the statin group. Variables were chosen for inclusion in the model on the basis of clinical significance and/or univariate results.
All statistical tests were 2-sided with a .05 significance level. Analyses were performed with SAS, version 9.2 (SAS Institute, Cary, NC).
RESULTS
Subject Characteristics
Twenty-nine, 80, and 65 subjects qualified with a hsCRP level of ≥2 μg/mL, expression of CD38 + HLA-DR + on ≥19% of CD8 + T cells, or both, respectively, and were randomly assigned to receive either rosuvastatin (72 subjects) or placebo (75 subjects; Figure 1 ). Baseline characteristics are summarized in Table 1 . Overall, the median age was 47 years, with 78% of subjects male and 70% black. The median CD4 + T-cell count was 613 cells/μL; 76% of subjects had an HIV-1 RNA level of <50 copies/mL. The median duration of HIV infection was 139 months, with 49% receiving a PI. Groups were well balanced across arms. There was no difference in the number of subjects from each group who were receiving antihypertensive therapy (20 in the statin group vs 18 in the placebo group; P = .60), and only 1 subject had diabetes, which was well controlled with metformin therapy. Seven subjects had active hepatitis B (3 in the statin group vs 4 in the placebo group; P = .74); 12 subjects had active hepatitis C (5 in the statin group vs 7 in the placebo group; P = .60). Sixteen subjects in each group had metabolic syndrome, as defined by the American Heart Association, with no difference in the prevalence between groups (P = .90) [27] .
Eleven subjects (5 in the statin group and 6 in the placebo group) withdrew before 24 weeks: 10 withdrawals were secondary to loss to follow-up, transportation-related issues, and/or schedule-related issues, and 1 subject withdrew because of a potential adverse event (on day 4 of study, grade 2 myalgias caused the subject to refuse to continue in the study). One additional subject in the statin group stopped treatment at week 5 because of hospitalization for hydration secondary to grade 3 myalgias without rhabdomyolysis or renal compromise but continued to be followed during the study but without receiving the study drug.
Two subjects changed ART regimens between baseline and 24 weeks: 1 initiated abacavir therapy instead of didanosine therapy, and 1 stopped treatment with lamivudine/zidovudine and started treatment with emtricitabine/tenofovir and maraviroc. One subject stopped receiving ART and had an HIV-1 RNA level of >12 000 copies/mL at 24 weeks, but there was no statistically significant difference in the percentage of subjects with an undetectable HIV-1 RNA level at baseline, compared with the percentage at 24 weeks, in either group (at 24 weeks, 83% and 84% in the statin and placebo groups, respectively).
Changes in Lipoprotein Profiles
By 24 weeks, the LDL cholesterol level decreased by 28% in the statin group, compared with a 3.8% increase in the placebo group (P < .01 for between-group differences). This decrease within the statin group was statistically significant (P < .01), as was the increase within the placebo group (P = .04). There were no significant differences in percentage changes between groups at 24 weeks in high-density lipoprotein (HDL) cholesterol or triglycerides levels; however, within-group changes in the statin group were significant for the HDL cholesterol level (7% increase; P < .01).
Changes in Markers of Inflammation, Cellular Adhesion, and Coagulation
Percentage changes in levels of inflammatory and coagulation markers are shown in Table 2 . By 24 weeks, the Lp-PLA 2 level decreased 10% in the rosuvastatin group, compared with a decrease of 2% in the placebo group (P < .01). Within-group percentage changes in Lp-PLA 2 levels were also significant within the statin group (P < .01) but not within the placebo group (P = .33). There was no statistically significant difference in percentage changes between groups for the other measured biomarkers.
Within both groups, sTNFR-I levels decreased, whereas sTNFR-II levels increased significantly (P < .01 for both comparisons). The level of soluble ICAM-1 increased in the statin group (P < .01). The level of IP-10 decreased within the statin group (P = .04), whereas the D-dimer level increased within the placebo group (P = .02).
When looking at absolute changes, the Lp-PLA 2 level decreased a median of 15 ng/mL in the rosuvastatin group, compared with a decrease of 4 ng/mL in the placebo group (P < .01). Of the subjects who had both entry and 24-week data on Lp-PLA 2 levels (excluding those who were lost to follow-up), 15 subjects in the statin group and 19 in the placebo group had baseline values in the high-risk CVD category (>200 ng/mL, according to general population guidelines) [28] . Lp-PLA 2 levels decreased to ≤200 ng/mL by 24 weeks in 8 subjects (53%) and 5 subjects (26%), respectively (P = .23 for the between-group difference).
To evaluate the role of medications that could interfere with results, sensitivity analyses were conducted by excluding subjects who were receiving either aspirin (4 in the statin group and 6 in the placebo group), steroid therapy (4 in the statin group and 7 in the placebo group), or nonsteroidal antiinflammatory agents (3 in the statin group and 3 in the placebo group). 
CD8
+ T-cell expression of CD38 and HLA-DR antigens <19%; c the patient was found to have very high coronary calcium score by computed tomography on the same day as screening, and it was deemed unethical for the patient to be potentially randomly assigned to the placebo group. Abbreviations: CrCl, creatinine clearance; LDL, low-density lipoprotein; LFT, liver function test; TG, triglycerides.
Of the subjects receiving steroid therapy, 1 was receiving 10 mg of oral prednisone daily, and the rest were receiving inhaled steroids; there were no changes to regimens between entry and 24 weeks. The analyses were repeated with exclusion of all subjects who were receiving any of these medications (11 in the statin group and 15 in the placebo group). There was no significant difference in results (data not shown).
Analyses were repeated within the rosuvastatin group for subjects >40 versus ≤40 years old, as well as among subjects with a CD4 + T-cell count of >500 versus ≤500 cells/µL, a nadir CD4 + T-cell count of >200 versus ≤200 cells/µL, and a nadir CD4 + T-cell count of >100 versus ≤100 cells/µL. The triglyceride level decreased by 20% among subjects ≤40 years old but remained unchanged among those >40 years old (P = .03).
The sTNFR-I level decreased by 18% in subjects with CD4 + T-cell counts of >500 cells/µL but increased by 4% in subjects with CD4 + T-cell counts of ≤500 cells/µL (P = .02). The difference in the percentage decrease in the Lp-PLA 2 level was important but nonsignificant between subjects with a nadir CD4 + T-cell count of ≤100 cells/µL, compared with those with a nadir CD4 + T-cell count of >100 cells/µL (14% vs 9%; P = .08); this trend was not seen when 200 cells/µL was used to stratify the nadir CD4 + T-cell count (P = .33).
There was no difference in percentage changes in Lp-PLA 2 levels in the statin group among those with and those without metabolic syndrome (P = .38). There was also no difference in percentage changes for any of the biomarkers within the statin group between subjects receiving and those not receiving a PI-based regimen.
In univariate analysis, decreases in Lp-PLA 2 levels were positively correlated with decrease in LDL cholesterol levels (R = 0.25; P < .01). In multivariable regression analysis, however, receipt of statin treatment and having a nadir CD4 + T-cell count of ≤100 cell/µL were the only statistically significant predictors of a decrease in Lp-PLA 2 level (Table 3 ). The regression model was then repeated within the statin group only and included age of >40 years, male sex, nadir CD4 + T-cell count of < 100 cells/µL, HIV-1 RNA plasma level of <50 copies/mL, and changes in LDL cholesterol level. No variables remained significant in this model, including changes in LDL cholesterol level.
DISCUSSION
We investigated the effects of 24 weeks of statin therapy on systemic and vascular inflammation and coagulation in HIVinfected individuals with ART-suppressed HIV-1 RNA plasma levels, normal LDL cholesterol levels, but heightened inflammation and/or immune activation. Despite LDL cholesterol levels of ≤130 mg/dL at baseline, LDL cholesterol levels decreased significantly over the study period in the statin group, compared with the placebo group. There were also several inflammatory markers that decreased within the statin group. Perhaps the most important finding was a significant decrease in LP-PLA 2 levels in the statin group, which was independent of the changes in LDL cholesterol levels. Both statin use and a nadir CD4 + T-cell count of ≤100 cell/µL were predictive of greater decreases in LP-PLA 2 levels when the groups were considered together. LP-PLA 2 is an inflammatory enzyme produced by monocytes, macrophages, T lymphocytes, and mast and liver cells (24) 20 (27) Data are median (interquartile range) or no. (%) of individuals. There were no significant differences between groups for any of the variables listed in this and is upregulated in atherosclerotic plaques and rupture-prone fibrous caps. It has high specificity for vascular inflammation, as opposed to systemic inflammation [29, 30] , making it potentially valuable during HIV infection because most patients have a high level of systemic inflammation, compared with healthy controls [4] . Several prospective studies have shown that increases in Lp-PLA 2 concentration or activity predict primary and recurrent cardiovascular events in the general population [22] [23] [24] [25] [26] . Like hsCRP, an elevated Lp-PLA 2 level doubles the risk for first and recurrent CVD events. In fact, general population guidelines include testing of Lp-PLA 2 levels for patients with intermediate and moderate CVD risk and for some high-risk patients [31] . LP-PLA 2 circulates primarily bound to LDL particles and is the enzyme responsible for hydrolysis of oxidized phospholipids on LDL particles within the arterial intima, thereby producing 2 highly inflammatory mediators (lysophosphatidylcholine and oxidized fatty acid) . These initiate a cascade of events causing upregulation of cellular adhesion molecules, expression of inflammatory cytokines, monocyte recruitment into the intimal space, and differentiation of monocytes into macrophages that engulf oxidized LDL, producing foam cells, which aggregate to form a fatty streak covered by a fibrous cap. The atherosclerotic plaque produces proteases and cytokines, which destroy collagen within the fibrous cap, making it unstable and prone to rupture. This leads to an acute coronary event [32] .
In the general population, statins decrease Lp-PLA 2 levels [33, 34] . Some studies showed that changes in Lp-PLA 2 levels were correlated with changes in LDL cholesterol levels; however, LDL concentration changes could not always explain the extent of the reduction in the Lp-PLA 2 level [35, 36] . This suggests that decreases in Lp-PLA 2 levels may result in antiinflammatory effects beyond merely decreasing the level of LDL cholesterol. While the mechanisms remain elusive, data suggest that statins inhibit lipopolysaccharide-induced increases in Lp-PLA 2 expression and secreted activity in human monocyte-derived macrophages [37] .
In this current study, statins significantly decreased Lp-PLA 2 levels, compared with no change in the placebo group. In fact, statin use was an independent predictor of decreases in Table 2 . Abbreviations: hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; IP-10, interferon γ-inducible protein 10; Lp-PLA 2 , lipoprotein-associated phospholipase A 2 ; sTNFR-I, soluble tumor necrosis factor receptor I; sTNFR-II, soluble tumor necrosis factor receptor II; sICAM-1, soluble intercellular adhesion molecule I; sVCAM-1, soluble vascular cellular adhesion molecule I. a Baseline numbers. At 24 weeks, 5 subjects in the statin group and 6 in the placebo group had withdrawn or were lost to follow-up.
b P < .05 for within-group changes. Lp-PLA 2 levels. There was a univariate relationship between changes in Lp-PLA 2 levels and changes in LDL cholesterol levels, suggesting that some of the decrease may have been related to the effect of statin therapy on LDL cholesterol. However, the relationship between changes in LDL cholesterol and Lp-PLA 2 levels did not hold up in multivariable regression analysis with both groups considered together, as well as within the statin group alone. This indicates that changes in Lp-PLA 2 levels were not solely due to decreases in the LDL cholesterol concentration and may represent an antiinflammatory effect of statins. This novel finding deserves further attention, and the SATURN-HIV study will be able to assess whether favorable changes in the Lp-PLA 2 level will ultimately decrease the subclinical atherosclerotic burden within this population.
In studies involving the general population, there are conflicting findings on whether a decrease in the Lp-PLA 2 level translates into a reduction in the incidence of coronary events. In an analysis of the JUPITER trial, Lp-PLA 2 levels were no longer associated with CVD events when the LDL cholesterol level decreased to approximately 50 mg/dL [38] . However, studies have shown that a reduced level of circulating Lp-PLA 2 is an independent risk factor for coronary plaque regression in patients with acute coronary syndrome [39] , and animal studies have shown that reductions in the Lp-PLA 2 concentration in atherosclerotic plaques attenuate local inflammatory response and improve plaque stability [40] . Thus, it is likely that decreases in Lp-PLA 2 levels result in reductions in the incidences of clinical events. Studies are underway to evaluate this relationship.
In this current study, there was a greater decrease in sTNFR-I level within the statin group in subjects with a CD4 + T-cell count of >500 cells/µL and a trend toward a greater decrease in Lp-PLA 2 levels in subjects whose nadir CD4 + T-cell count was ≤100 cells/µL. This latter relationship was also significant in the multivariable regression analysis when groups were evaluated together but not within the statin group alone. These 2 findings appear to be contradictory. Previous studies have shown that HIV-infected individuals with lower CD4 + T-cell counts and nadirs have an increased risk of CVD and myocardial infarction, compared with those with higher CD4 + T-cell counts and nadirs [41] [42] [43] [44] [45] . While the decrease in sTNFR-I levels among subjects with higher CD4 + T-cell counts is in line with these studies, the decrease in Lp-PLA 2 level among subjects with a lower nadir CD4 + T-cell count is not. In this latter case, the Lp-PLA 2 level decreased more in subjects with a lower nadir CD4 + T-cell count, despite no difference in baseline levels between subjects with high versus those with low nadirs. However, this is consistent with other studies that have looked at measures of subclinical atherosclerosis and endothelial function, in which the nadir CD4 + T-cell count is an independent predictor of carotid intima-media thickness progression and brachial artery flow-mediated vasodilation [42, 43] . There were only 11 and 12 subjects who had a current CD4 + T-cell count of >500 cells/µL and a nadir CD4 + T-cell count of <100 cells/µL in the statin and placebo groups, respectively; thus, this is likely not merely a reflection of subjects with higher CD4 + T-cell counts. This suggests that patients with low nadirs may benefit from statin therapy to attenuate CVD risk, but longer follow-up is needed to further assess this relationship. We saw significant increases and decreases in levels of other inflammatory markers within the statin group. The significance of these findings is unclear and likely attributable to the relatively short follow-up period. Continued follow-up is ongoing to determine whether further changes can be detected and whether they result in measurable changes in subclinical atherosclerosis and/or arterial stiffness. Interestingly, IL-6 levels decreased by 24% and hsCRP levels decreased by 12% in the statin group, compared with decreases of 2% and 0%, respectively, in the placebo group; these differences were not statistically significant, however. Higher levels of hsCRP and IL-6 have been associated with cardiovascular events during HIV infection [6, 7] . Again, further follow-up is needed to determine whether these early changes will become statistically significant and/or whether these decreases will improve CVD risk.
We demonstrated a significant decrease in LDL cholesterol levels in the statin group, even though all subjects started with a level ≤130 mg/dL. This finding alone is important, because studies in the general population have shown a linear relationship between reductions in LDL cholesterol levels and coronary and other major vascular events even when the LDL cholesterol level was lowered substantially below recommended levels [46, 47] .
There are limitations to this study. We investigated a specific HIV-infected population: those receiving stable ART with a low or undetectable HIV-1 RNA level and a normal LDL cholesterol level. Thus, generalizability of our findings to the HIV-infected population as a whole should be determined. In addition, we evaluated changes in Lp-PLA 2 plasma concentrations. Some studies have suggested that using Lp-PLA 2 activity rather than mass concentration may be more accurate [48] . We also investigated a number of inflammatory markers, increasing the risk of type I errors. As stated previously, this analysis focused on the first 24 weeks of the ongoing SATURN-HIV study and, as such, involved data collected during a relatively short period and could not yet assess changes in measures of subclinical atherosclerosis. Finally, we used T-cell activation as one of the inclusion criteria. Although there are studies that show T-cell activation is independently associated with increased carotid intima-media thickness, arterial stiffness, and carotid plaques [8, 49] , we did not use monocyte activation for screening, which is also implicated in CVD risk [50] .
In conclusion, this study offers novel data that support statin use during HIV infection as a means of decreasing inflammation. It remains to be seen whether altering inflammation, especially Lp-PLA 2 concentrations, will affect CVD risk and plaque stability. However, further follow-up and assessment of changes in atherosclerotic burden and arterial stiffness are warranted. Increased CVD risk during HIV infection is a growing concern, and measures to minimize this risk are urgently needed. Statin therapy in HIV-infected individuals, even in the absence of traditional risk factors, may hold promise.
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